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The  following  pages  contain  a  brief  account 
of  several  instruments  which  I  have  devised 
to  facilitate  the  examination  of  patients  in 
ophthalmic  practice.  It  is  chiefly  in  special 
hospitals,  where  a  large  number  of  patients 
present  themselves,  that  their  utility  and 
importance  will  be  recognised. 

I  have  now  had  them  in  operation  for  some 
time,  at  the  Newcastle  Infirmary  for  Diseases 
■  of  the  Eye  ;  I  find  they  work  well,  and  with  a 
view  to  servinsr  others,  I  venture  to  brino" 
them  before  the  notice  of  the  profession. 


Newcastle-%i,po7i-  Tyne, 

July,  1874. 


THE  DEMONSTRATING 

OPHTHALMOSCOPE  AND  TABLE. 


The  importance  of  rapidity  in  the  examina- 
tion of  cases  in  hospital  ophthalmic  practice 
frequently  precludes  the  use  of  some  of  the 
most  beautiful  and  valuable  apparatus  of 
modern  invention.  Thus  the  demonstrating 
ophthalmoscope  of  Burke,  from  the  great  care 
and  nicety  required  in  its  adaptation,  and  con- 
sequently the  constant  necessity  for  re- adjust- 
ment in  each  case  under  examination,  is  not 
convenient  for  shewing  large  numbers  of  cases 
in  rapid  succession :  and  to  shew  differences, 
both  physiological  and  pathological,  to  students, 
it  is  necessary  that  they  should  be  able  to  con- 
trast a  number  of  cases  as  rapidly  as  possible. 
The  same  objections  apply  to  the  modified 
form  of  demonstrating  ophthalmoscope,  in  which 
a  lens  is  substituted  for  the  second  mirror ;  and 
it  is  with  a  view  to  remedy  this  defect  that  I 
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hare  had  the  table  constructed,  of  which  Plate 
I.  is  a  photographic  representation. 

The  table,  which  is  about  3  feet  9  inches 
in  length  by  1  foot  inches  in  width, 
and  2  feet  4|  inches  high,  is  supported 
at  each  end  by  a  broad,  substantial  leg. 
These  legs,  which  are  sections  of  a  parallelo- 
gram, are  hollowed  out,  and  contain  the  boxes 
to  which  the  top  of  the  table  is  fixed.  These 
boxes  are  connected  with  a  rack  and  pinion 
movement,  which  is  controlled  by  the  wheel 
seen  in  the  hand  of  the  examiner,  and  bv 
means  of  this  arrangement,  the  table  can  be 
made  to  rise  and  fall  in  a  vertical  direction. 
The  whole  of  the  upper  part  of  the  table,  how- 
ever, does  not  move,  a  small  segment  upon 
which  the  chin-rest  is  placed  being  detached 
from  the  moveable  portion,  and  firmly  fixed  to 
the  leg  which  supports  it.  The  table,  further, 
has  two  tops — one  (the  lower)  a  false  one, 
is,  in  reality,  only  a  framework  to  give  attach- 
ment to  the  boxes  for  the  vertical  movement. 
The  other — the  true  one — is  connected  to  the 
false  one  by  means  of  a  long  screw,  the  end 
of  which  terminates  in  a  small  circular  wheel 
or  handle,  visible  on  the  right  hand  side  of  the 
table.  When  this  handle  is  set  in  motion,  it 
causes  the  true  to  glide  over  the  false  top  in  a 
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horizontal  direction,  either  right  or  left  as 
desired. 

The  movements  executed  by  this  table  re- 
semble, in  many  respects,  those  of  the  stage  of 
a  microscope ;  there  is,  however,  this  excep- 
tion, that  whilst  the  movements  of  the  stage  of 
the  microscope  are  all  made  in  one  plane,  the 
movements  of  the  table,  by  varying  its  height, 
can  be  made  in  any  plane  within  the  range  of 
its  vertical  movement. 

The  advantages  of  this  table  are  manifestly 
very  great,  for,  whereas  with  an  ordinary  table, 
for  the  examination  of  each  separate  person,  a 
fresh  adjustment  of  the  mirror  lens  and  lamp 
is  necessary,  by  means  of  this  table  we  are 
enabled  immediately  to  adjust  the  whole  of  the 
apparatus  to  the  necessary  height  for  any 
patient,  and  can,  further,  without  moving 
the  patient  or  instrument,  throw  the  light  into 
the  right  or  left  eye,  as  we  may  desire. 

Mr.  Foveaux,  the  able  manager  of  Messrs. 
"Weiss  &  Co.,  has  recently,  by  means  of  a  very 
simple  contrivance,  added  to  the  object  lens, 
given  the  examiner  so  far  a  control  over  its 
movements,  that  it  may  be  gradually  raised 
and  depressed.  The  extent  to  which  any  such 
movement  can  be  employed,  without  also  neces- 
sitating a  change  in  the  position  of  the  mirror, 
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is  SO  extremely  limited,  that  I  have  found  the 
apparatus  practically  useless.  It  is  an  essen- 
tial condition  of  using  the  demonstrating  op- 
thalmoscope,  that  the  axis  of  the  mirror  lens 
and  patient's  eye  should  coincide,  and  any  de- 
viation, however  slight,  from  this  condition 
interferes  with  the  exact  production  of  the 
image.  I  make  these  observations  because 
some  enquirers  have  asked  me  whether  this 
power  of  control  over  the  object  lens  would 
not  do  away  with  the  necessity  for  the  de- 
monstrating table,  and  I  wish  to  show  that, 
putting  aside  the  question  of  lateral  move- 
ments, which  is  one  of  the  chief  features  in 
the  table,  the  vertical  movement  of  the  lens 
alone  is  but  an  inefficient  substitute  for  the 
vertical  movement  of  the  whole  apparatus.  I 
would  now  say  a  word  about  the  mirror  in 
general  use.  Burke's  instrument  having  been 
the  origin  of  the  present  form  of  demonstrating 
ophthalmoscope,  a  paraboloid  or  concave  mirror, 
is  the  form  which  is  always  supplied.  Al- 
though the  resulting  image  is  exceedingly 
beautiful  and  well  defined,  the  field  of  vision 
is  too  limited.  This  depends  upon  the  parallel 
direction  of  the  rays  which  emanate  from  this 
form  of  mirror  when  the  lamp  is  placed  in  its 
principal  focus ;  and  with  an  undilated  pupil, 
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all  that  can  be  seen  is  the  disc,  with,  at  mostj  a 
very  narrow  portion  of  surrounding  retina. 
What  I  now  usually  employ  is  a  plane 
mirror,  about  3J  inches  in  diameter,  with  a 
circular  aperture  of  about  f  inch  in  diameter. 
The  illumination  is  from  an  ordinary  argand 
burner,  placed  about  12  inches  in  front,  and  a 
little  to  the  side  of  the  mirror ;  the  rays 
of  light  emanating  from  it  are  consequently 
divergent,  and  continue  divergent  on  reflexion. 

The  advantages  of  divergent  rays  in  ex- 
amination by  the  inverted  image  have  long 
been  recognized,  and  we  find  that  by  their  use 
the  field  of  view  is  very  materially  increased 
in  size^  the  illumination,  too,  appears  much 
brighter,  and  slight  lateral  displacements  of  the 
eye  are  not  so  apt  to  shew  the  image  so  much 
out  of  view  as  when  parallel  or  convergent 
rays  are  used. 

I  have  tried  various  experiments  with  a 
view  to  ascertain  to  what  extent  the  central 
aperture  of  the  mirror  could  be  enlarged  with- 
out materially  interfering  with  the  illumination 
of  the  fundus.  One  mirror  I  employ,  has  an  aper- 
ture f  inch  in  diameter;  its  use  is  attended  with 
certain  advantages ;  for  instance,  it  enables  the 
examiner  to  place  his  head  at  a  considerable 
distance  from  the  mirror,  and  thus  keep  both 
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eyes  open.  The  examination  is  consequently 
made  with  less  inconvenience  and  fatigue.  It 
enables  the  operator  too,  by  slight  movements 
of  the  head,  to  displace  reflexion  and  broken 
lights,  to  correct  slight  movements  of  the  eye 
of  the  examined  person,  and  offers  a  larger 
area  for  the  action  of  magnifying  lenses  placed 
behind  the  mirror. 

The  frontispiece  is  a  drawing  of  the  demon- 
strating ophthalmoscope  table,  which  I  ex- 
hibited at  the  Annual  Meeting  of  the  British 
Medical  Association,  in  London,  in  1873.  The 
way  in  which  it  facilitates  ophthalmoscopic 
demonstrations  was  the  subject  of  general 
remark  when  contrasted  with  the  ordinary 
method.  It  is  impossible  to  carry  out  the 
latter  successfully  without  the  use  of  one,  and 
sometimes  even  two  assistants,  and  then  the 
use  of  atropine  is  almost  indispensable. 


FIG.  III. — Perimeter,  with  Patient  in  situation. 


FIG.  1. — Front  View  of  the  Perimeter. 
FIG.  II. — Drawings  of  Diaphragms,  which  are 

PLACED  behind  THE  PeRIMETEK. 


THE  PHOTO-PERIMETER. 


The  importance  of  measuring  the  peri- 
pheral portions  of  the  field  of  vision,  in  cases 
of  glaucoma,  neuritis,  optic  atrophy,  cerebral 
amaurosis,  etc.,  has,  of  late  years,  been  sufii- 
ciently  recognised  by  Ophthalmic  Surgeons, 
and  this  necessity  has  led  to  the  development 
of  various  instruments  and  devices — notably 
the  instruments  of  Wecker,  Adams,  Forster 
and  Carter's  modification  of  the  latter. 
Though  the  field  of  vision  can  be  very  care- 
fully mapped  out  by  any  of  these  beautiful 
and  ingenious  instruments,  they  do  not  per- 
form what  is  required  of  them  sufficiently 
rapidly  for  hospital  clinical  purposes,  where  it 
is  highly  essential  that  the  two  qualities  of  effi- 
ciency and  rapidity  should  be  combined.  In 
hospital  practice  we  still  find  that  most  Sur- 
geons continue  the  old  custom  of  making  the 
patient  fix  his  eye  upon  one  of  theirs,  and  then 
gradually  moving  the  fingers  in  various  parts  of 
the  field  of  vision.    This  practice  is  doubtless 
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contiaued  on  account  of  the  facility  and  rapid- 
ity with  which  it  is  carried  out,  but  it  can 
scarcely  be  very  accurate ;  it  cannot  be  regis- 
tered, and  must  leave  but  a  doubtful  impres- 
sion on  the  Surgeon's  mind:  hence  it  is  of 
great  importance  that  some  instrument  should 
be  obtained,  the  use  of  which  will  not  take  up 
more  time  than  the  old  method,  and  whose 
results  can  be  accurately  registered. 

The  instrument  which  I  have  devised,  and 
which  is  figured  in  the  text,  will  enable 
the  operator  to  map  out  the  field  of  vision 
with  as  great,  if  not  greater  rapidity,  than 
with  the  old  method,  which  I  have  de- 
scribed above ;  its  measurements  are  taken 
with  the  greatest  accuracy,  and  if  necessary 
the  limits  of  the  field  of  vision  can  be  imme- 
diately transferred  to  a  chart,  and  kept  for 
future  reference.  It  not  only  fulfils  the  pur- 
poses of  a  perimeter,  in  an  ordinary  sense,  but 
it  will  also  test  the  field  of  vision  for  colours 
transmitted  or  spectral,  and  by  a  very  simple 
addition  it  can  be  made  to  indicate  the  pre- 
sence of  astigmatism,  and  shew  the  meridian 
in  which  it  exists.  Some  other  indications  it 
can  fulfil,  I  shall  speak  of  bye  and  bye,  as  they 
will  be  more  readily  understood  when  the 
instrument  has  been  fully  described. 
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The  perimeter  is  an  instrument  of  light 
metal  (zinc  or  copper)  hammered  out  with 
great  accuracy,  its  diameter  being  24".  The 
concavity  of  the  instrument  is  painted  a  dead 
white,  and  this  surface  is  divided  by  fine  black 
lines  into  degrees  of  latitude  and  longitude. 
The  meridians  of  longitude  commence  at  the 
pole  and  run  towards  the  margin  or  equator 
of  the  perimeter,  every  two  contiguous  lines  in- 
cluding a  space  of  1 5°.  The  parallels  of  latitude 
encircle  the  pole — the  first  being  placed  at  1 0° 
from  it,  and  each  successive  one  having  an 
interval  of  1 0°.  The  pole  itself  is  occupied  by 
a  circular  opening  about  f "  in  diameter,  the 
purposes  of  which  will  be  further  explained, 
as  will  also  some  other  markings  on  the 
surface  of  the  perimeter. 

In  order  to  measure  the  field  of  vision  it  is 
necessary,  whatever  instrument  be  employed, 
to  have  a  fixed  point,  and  a  moveable  point. 
The  latter  must  be  some  small  object  which 
can  be  made  to  move  in  different  parts  of  the 
field  of  vision,  and  whose  image  will  conse- 
quently travel  over  those  portions  of  the  retina 
which  are  not  occupied  by  the  fixed  point. 
In  the  instrument  I  am  now  describing,  these 
indications  are  fulfilled  in  the  following  man- 
ner:— A  gas  lamp  (Argand  burner)  is  so  adjust- 
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ed  upon  an  upright  moveable  stand  placed 
behind  the  perimeter,  that  some  of  its  rays  pass 
through  the  hole  in  the  pole  of  the  hemisphere. 
These  rays  are  made  to  fall  upon  a  small  mirror 
which  (as  seen  in  the  engraving)  is  attached 
by  a  rod  to  the  chin-rest.  The  mirror  being 
ground  to  a  focus  of  a  little  less  than  12",  will 
form,  when  placed  at  this  distance  from  the 
central  aperture,  a  clear  and  bright  reflected 
image  of  it  upon  the  surface  of  the  perimeter. 
To  enable  this  disc  of  reflected  lig-ht  to  be 
thrown  in  any  direction  required,  the  mirror 
is  attached  to  its  connecting  rod  or  support 
by  a  ball  and  socket  joint. 

To  use  the  perimeter  for  testing  the  field 
of  vision,  we  proceed  in  the  following  man- 
ner : — The  chin-rest  is  placed  opposite  the 
concavity  of  the  hemisphere,  its  height  being 
so  adjusted  that  when  the  patient's  chin 
is  placed  upon  it,  the  eye  to  be  examined 
is  opposite  the  aperture  at  the  back  of  the 
perimeter.  The  reflecting  mirror  is  now  ad- 
justed, and  made  to  occupy  a  position 
slightly  below  and  to  the  outside  of  the 
eye  to  be  examined,  the  other  eye  being 
covered  by  a  shade.  By  a  little  management, 
the  beam  of  light  which  passes  through  the 
aperture  in  the  perimeter  is  made  to  fall  not 
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directly  upon  the  examined  eye,  which  it 
would  dazzle,  but  somewhat  obliquely  upon 
the  mirror  which  reflects  it, 

"When  a  patient  is  placed  in  the  position 
above  indicated,  his  eye  directed  upon  the 
central  aperture,  an  image  of  the  perimeter  is 
projected  upon  his  retina,  which  is,  so  to 
speak,  artificially  mapped  out  into  exactly  the 
same  divisions  as  are  present  on  the  instru- 
ment— the  central  aperture  lying  exactly  at 
the  yellow  spot,  the  peripheral  parts  of  the 
instrument  occupying  the  peripheral  parts  of 
the  retina.  In  this  way  the  concavity  of  the 
retina  becomes  an  exact  counterpart  (of  course 
inverted)  of  the  concavity  of  the  instrument. 
Now  it  is  evident  that  if  a  disc  of  light  is 
made  to  travel  over  the  surface  of  the  peri- 
meter, its  image  will  also  travel  over  the 
surface  of  the  retina,  in  an  opposite  direction- 
Should  this  travelling  spot  of  light  pass  over 
a  portion  of  the  retina  whose  sensibility  is  lost 
or  impaired,  it  will  immediately  disappear,  and 
by  referring  to  the  position  the  disc  then 
occupies  on  the  surface  of  the  perimeter,  we 
know  the  corresponding  position  of  its  image  in 
the  fundus  of  the  eye.  In  the  same  manner,  by 
directing  the  disc  of  light  along  the  various 
meridians  of  longitude,  and  noting  the  place 
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at  which  it  disappears,  we  are  able  to  form 
an  accurate  chart  of  the  hmits  of  the  field 
of  vision. 

Let  us  illustrate  this.  A  patient  is  placed 
in  position,  with  his  right  eye  opposite  the 
perimeter,  and  fixed  upon  the  central  aperture. 
We  know  that  the  image  of  the  central  aperture 
now  occupies  the  exact  position  of  the  yellow 
spot,  and  we  wish  to  examine  the  blind  spot  or 
optic  nerve  entrance  in  this  eye.  We  know 
that  its  situation,  anatomically,  is  slightly  to 
the  inner  (nasal  side)  of  the  yellow  spot,  we 
therefore  gradually  move  the  travelliDg  disc 
outwards,  and  when  it  arrives  at  a  position 
about  15°  to  the  outer  side  of  the  central 
aperture,  it  will  disappear. 

If  we  wish  to  ascertain  the  exact  hmits  of 
the  field  of  vision,  we  cause  the  disc  to  travel 
along  the  various  meridians  of  longitude,  and 
mark  the  exact  position  in  which  it  passes 
out  of  sight.  To  record  cases  under  examina- 
tion, charts  of  the  perimeter  are  prepared  on 
several  different  scales. 

As  it  is  advisable,  in  some  cases,  to  mea- 
sure with  precision  the  size  and  limits  of 
the  optic  nerve  entrance,  or  blind  spot,  the 
surface  ot  the  perimeter,  in  the  region 
which  this  portion  of  the  fundus  occupies, 
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has  been  more  carefully  divided  into  spaces 
of  one  degree. 

Attached  to  the  back  of  the  perimeter  will 
be  found  two  sets  of  diaphragms,  these  are 
represented  in  Fig.  II.  One,  the  smaller, 
contains  apertures  of  various  sizes,  which 
thus  enables  us  to  regulate  at  will  the  dia- 
meter of  the  hole  at  the  back  of  the  perimeter. 
The  other  contains  discs  of  variously  coloured 
glass,  representing  the  prismatic  colours ;  it 
contains,  besides,  a  disc,  the  diameter  of  which 
is  traversed  by  a  fine  slit ;  this  disc  is  made  to 
revolve  upon  its  own  axis,  and  is  used  in 
testing  for  astigmatism. 

The  use  of  these  parts  will  now  be  explained. 
In  many  cases,  where  the  sensibility  of  the 
retina  is  much  impaired,  a  small  aperture  and 
consequently  a  small  disc  of  fight  wifi  not  be 
convenient  for  measuring  the  field,  hence  the 
larger  apertures.  The  smallest  is  for  taking 
exact  measui-ements  of  the  bfind  spot,  the  area 
of  which  can  be  more  readily  defined  by  the 
disappearance  and  re-appearance  of  a  fine 
point  of  brilliant  fight,  and  here  I  may  state 
that  the  intensity  of  the  light  can  always 
be  regulated  by  the  amount  of  gas  burnt. 

To  test  the  field  of  vision  for  colours,  we 
proceed  in  exactly  the  same  way  as  under 
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ordinary  circumstances,  the  disc  of  the  colour 
required  being  interposed  between  the  flame 
and  the  aperture  in  the  perimeter. 

The  processes  above  described  enable  us  to 
test  what  is  termed  the  quantitatve  field  of 
vision,  or  that  portion  in  which  a  person  dis- 
tinguishes roughly  a  spot  of  light.  To  mea- 
sure the  qualitative  field  of  vision  a  stencil 
letter  is  inserted  in  an  inverted  position  in  the 
aperture  of  the  perimeter,  when  the  mirror 
immediately  forms  a  bright  erect  image  of  it 
on  the  surface  of  the  perimeter.  The  operator 
now  ascertains  at  what  distance  from  the 
fixed  point  this  reflected  letter  is  recognised  ; 
he  tries  this  in  all  the  various  directions,  and 
makes  a  chart  in  the  ordinary  way.  This 
forms  a  very  severe  but  useful  quaHtative  test, 
and  the  shape  of  the  test  object  can  be  varied 
ad  injinitum. 

I  now  come  to  speak  of  the  manner  in  which 
this  instrument  can  be  used  to  determine  the 
presence  of  astigmatism,  which  it  does  not  by 
any  new  method,  but  by  being  easily  adapted 
to  some  of  the  simplest  methods  of  diagnosis. 

In  the  larger  diaphragm,  which  is  adjusted 
at  the  back  of  the  perimeter,  is  a  circular 
metal] ic  disc  which  has  a  sht  traversing  its 
diameter  about   tV"  in    width.    This  slit, 
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when  occupying  the  aperture  in  the  perimeter 
and  illuminated  from  behind,  will  appear  to 
the  observer  in  front  of  the  instrument  as  a 
bright  stroke  of  light ;  by  means  of  a  small 
handle  attached  to  the  disc  in  which  the  slit 
is  made,  it  can  be  rotated  upon  its  own  axis, 
and  thus  the  slit  can  assume  any  desired 
meridian.    Thus,  we  have  at  our  command 
a  bright  luminous    stroke,   which  stroke 
can  be  readily  made  to  occupy  any  meri- 
dian, and  whose   position  we  can  register 
by  reference  to  the  markings  on  the  interior 
of  the  perimeter.    Now,  as  astigmatic  per- 
sons, according  to  the  meridian  of  astigma- 
tism,  do  not   see  clearly  strokes  or  lines 
which  occupy  certain  directions,  it  will  be 
obvious  that  if  we    have  a  stroke  or  line 
which    is    moveable    in    every  direction, 
we  have  a  means  of  ascertaining  in  what 
meridian  vision  is  defective.    The  clearness 
with  which  a  stroke  is  seen  depends  upon  the 
clearness  with  which  its  outhne  is  seen,  and 
this  must  depend  upon  the  accuracy  with 
which  the  different  meridians  of  the  cornea  are 
adapted.    A  vertical  stroke  |  may  be  said 
to  be  made  up  of  a  number  of  small  horizontal 
ones      and  if  the  horizontal  meridian  is  at 
fault  it  will  not  be  distinctly  seen,  but  will 


20 


THE  I'llOTO- PERIMETER. 


appear    M  A  horizontal  stroke,  on  the 

contrnrv,  may  be  said  to  be  made 

up  of  a  number  of  closely  packed  vertical 

strokes   and  if  the  vertical  meridian 

is  at  fault,  a  horizontal  line  will  not  be  clearly 
defined,  but  will 

A  person,  then,  with  a  normal  eye  will  see 
the  luminous  slit  well  defined,  in  whatever 
position  it  is  rotated,  but  an  astigmatic  person 
will  not  do  so,  if  he  is  astigmatic  in  the  vertical 
direction,  when  the  line  comes  to  occupy  a 
horizontal  position  its  definition  will  be  inter- 
fered with,  and  vice  versa  when  he  is  astig- 
matic in  ths  horizontal  direction,  the  line  will 
not  be  clearly  defined  in  the  vertical  position. 
Thus,  by  rotating  the  slit  opposite  an  eye 
whose  accommodation  is  suspended,  we  shall 
be  able  to  ascertain,  by  the  clearness  of  its 
outline,  the  presence  and  meridian  of  astigma- 
tism ;  the  kind  and  degree  must  be  subse- 
quently determined  by  suitable  cylindrical 
glasses. 

In  the  same  way  a  stencil  letter,  for  in- 
stance the  letter  JJ,  whose  size  shall  corres- 
pond to  No.  XX.  of  Snellen's  type,  may  be 
inserted  at  the  back  of  the  perimeter.  This 
being  gradually  rotated,  the  positions  are 
noted  in  which  the  letter  is  recognised  or  not, 
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and  tlie  presence  of  astigmatism  ascertained. 
Thus,  if  the  letter  is  clearly  defined  when 
in  the  vertical  position,  we  infer  that  the  hori- 
zontal meridian  is  normal,  and  that  rays  pass- 
ing through  it  are  brought  to  a  focus.  If  it 
is  seen  blurred  or  is  not  even  recogni- 

sable in  that  position,  we  infer  that  the  rays 
passing  through  the  horizontal  meridians  are 
not  brought  to  a  focus,  and  that  astigmatism 
exists  in  that  plane.  Again,  supposing  that 
the  letter  JJ  is  recognisable  when  in  the 
vertical  position,  but  when  gradually  rotated 
till  it  assumes  this  position,  [ij  is  then  not 

recognisable,  or  appears  thus  '  ^®  infer 

that  the  horizontal  meridian  brings  rays  to 
a  focus  upon  the  retina,  but  that  the  vertical 
meridian  is  astigmatic.  If  for  ascertaining 
the  presence  of  astigmatism,  an  ordinary  point 
of  light  is  desired,  and  this  method  is,  I  believe, 
the  one  in  general  use,  one  of  the  small  aper- 
tures in  the  inner  diaphragm  can  be  used  for 
the  purpose.  • 

I  must  here  point  out  how  the  perimeter 
can  be  used  in  ascertaining  the  refraction  of 
the  eye,  according  to  the  highly  ingenious 
method  of  Dr.  Thompson,  of  Philadelphia. 
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As  all  my  rea  lers  are  a.ware,  he  has  shewn 
that  when  a  person,  whose  eye  is  emmetropic, 
looks  at  a  distant  point  of  light  through  two 
small  apertures  in  a  disc,  which  apertures  lie 
within  the  area  of  the  pupil,  the  image  of  that 
light  will  appear  as  a  single  image ;  but  that, 
should  the  eye  be  ametropic,  that  is  myopic 
or  hypermetropic,  it  will  appear  as  a  double 
image,  the  amount  of  separation  being  a 
certain  guide  to  the  degree  of  myopia  or 
hypermetropia.  He  has,  in  accordance  with 
his  theory,  drawn  up  a  table  which  shews 
the  amount  of  separation  in  the  images  occur- 
ing  in  certain  degrees  of  myopia  and  hyper- 
metropia, and  I  should  strongly  recommend 
all  who  are  interested  in  this  subject  to  refer 
to  the  original  paper ;  here  I  shall  only  point 
out  how  the  perimeter  may  be  made  subser- 
vient to  the  measurement  of  the  angle  of 
separation.  The  patient  is  placed  at  the 
necessary  distance  from  the  perimeter,  one 
of  the  smaller  apertures  occupying  the  back 
of  the  perimeter  is  brilliantly  illuminated 
from  behind. 
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Supposing  the  patient  is  myopic,  wlien  the 
two  small  apertures  in  the  disc  which  is  held 
before  the  eye  are  in  the  horizontal  meridian, 
the  light  A  will  appear  double,  the  second 
image  appearing  at  a\  and  the  distance  be- 
tween A  and  A^  will  be  guide  to  the  degree 
of  myopia.  But  the  distance  between  A  and 
A^  must  be  accurately  measured,  and  the  pa- 
tient being  17  feet  from  the  perimeter,  any 
guess  at  the  separation  of  the  images  would 
be  too  imperfect  for  determining  the  degree 
of  M.  To  measure  them  more  exactly,  the 
travelling  disc  of  light  which  is  used  for  mea- 
suring the  field,  of  vision  is  thrown  imme- 
diately below  A  at  b,  it  will  necessarily,  like 
A^  be  seen  double,  the  second  image  appearing 
at  b\    It  is  now,  however,  set  in  motion 
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towards  the  right,  and  the  patient  is  told  to 
indicate  when  b  comes  under  ;  reference  is 
then  made  to  the  scale  marked  upon  the  hori- 
zontal meridian,  the  separation  between  a 
accurately  ascertained,  and  by  reference  to 
Dr.  Thompson  s  table,  the  degree  of  myopia 
corresponding  to  this  amount  of  separation 
noted. 

It  is  obvious  that  the  method  which  appHes 
to  the  measurement  of  the  double  images 
produced,  as  described  above,  may  also  be 
apphed  to  the  measurement  of  the  angle  of 
diplopia  in  cases  of  paralysis  of  the  ocular 
muscles,  only,  in  this  case,  the  patient  must  be 
brought  sufficiently  close  to  the  instrument 
that  the  angle  of  displacement  may  be  within 
its  range.  I  have  often,  in  cases  of  paralysis 
of  the  third  nerve,  been  able  to  measure  the 
degree  of  diplopia,  and  have  observed  that 
one  of  the  first  symptoms  of  improvement  has 
been  the  diminution  of  this  angle.  By  the 
use  of  a  prism,  artificial  degrees  of  diplopia 
may  be  produced,  and  the  various  strength 
of  the  ocular  muscles  in  overcoming  these 
ascertained. 

With  regard  to  testing  the  field  of  coloured 
vision,  in  the  method  above  described,  I  know 
i£  will  be  urged  by  some  that  the  purity  of 
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colours  transmitted  tlirougli  glass  is  not  suffi- 
ciently great  to  be  perfectly  accurate.  Theo- 
retically this,  no  doubt,  is  so,  but,  practically, 
I  have  not  found  much  difference  in  the  range 
of  field  when  the  pure  colours  of  the  spec- 
trum have  been  used,  as  compared  with  those 
obtained  by  coloured  glass.  Upon  this  subject 
I  may  say  something  more  by  and  by,  but 
my  object  here  is  to  point  out  how  the  pure 
spectrum  colours  may  be  used  for  physiological 
or  experimental  purposes.  A  beam  of  light, 
about  one  inch  in  diameter,  is  allowed  to  enter 
a  darkened  room,  through  an  aperture  in  a 
shutter.  By  means  of  a  heliostat,  it  is  re- 
flected in  a  horizontal  Hne  corresponding  with 
the  height  of  the  aperture  in  the  pole  of  the 
perimeter.  A  prism,  held  vertically,  is  now 
placed  in  the  course  of  the  beam  of  Hght,  when 
immediately  a  spectrum  will  be  formed,  the 
colours  of  which  will  be  arranged  in  vertical 
bands,  whose  thickness  will  depend  upon  the 
distance  of  the  spectrum  from  the  prism.  The 
perimeter  is  now  placed  in  such  a  position,  that 
the  spectrum  falls  upon  the  aperture  at  its 
back,  and,  by  shifting  it  laterally,  the  colour 
of  each  beam  can  be  separated  from  the  rest, 
and  allowed  to  fall  upon  the  reflecting  mirror. 
This  is  best  understood  by  referring  to  the 
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diagram,  which  represents  a  horizontal  section 
through  the  perimeter  and  prism. 


A  Heliostat.    B  ray  of  liglit. 

P  prism.     SS  spectrum.     D  aperture  in  00  perimeter. 
M  mirror.    The  green  ray  of  the  spectrum  is  passing 
through. 

In  our  own  smoky  town,  the  appearance  of 
the  sun  is  such  a  precarious  event,  during  the 
winter  months,  as  to  have  prevented  me  from 
making  many  observations,  as  to  the  area  of 
colour  vision.  Generally  speaking,  blue  has 
the  largest  range,  then  come  in  order,  but 
with  a  decreasing  field  of  vision,  red,  yellow, 
green,  orange.  At  some  future  time,  I  hope 
to  be  able  to  give  more  full  particulars  on  the 
subject. 
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Having  now  described  the  construction  and 
uses  of  the  photo-perimeter,  I  shall  point  out 
what  I  consider  to  be  its  special  advantages. 
In  the  first  place,  it  is  a  fixed  instrument,  and 
thus  it  has  a  great  advantage  over  arcs  and 
quadrants,  which,  in  testing  the  field,  require 
to  be  so  constantly  moved,  to  the  incon- 
venience of  both  patient  and  operator.  Again, 
its  surface  covers  the  whole  of  retina,  and  we 
can,  if  necessary,  at  once  re-examine  portions 
of  the  retinal  surface  where  we  think  the  field 
is  defective,  and  compare  one  portion  with 
another,  without  any  change  in  the  position  of 
the  patient  or  the  instrument.  All  external 
objects  are  excluded  from  the  eye,  and  there 
is  nothing  to  attract  the  patient's  observation 
but  the  fixation  point.  One  of  the  chief  im- 
provements appertains  to  the  use  of  a  disc  of 
light  as  the  measuring  point.  Here,  no  hand 
or  piece  of  mechanism  is  brought  before  the 
patients  eye,  whilst  the  measuring  point  is 
mapping  the  field— further,  the  brilliancy, 
size,  and  colour  of  this  disc  are  easily 
regulated,  and  letters,  or  other  forms  of 
different  sizes,  can  be  used  when  such  a  pro- 
ceeding is  thought  advisable. 

It  would  be  difficult  to  have  an  instrument 
in  which  so  many  advantages  were  combined, 
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and  not  expect  to  meet  with  some  disad- 
vantage ;  and  there  is  one  which  has  been 
frequently  urged  against  the  photo-perimeter. 
It  is,  that  the  eye  of  the  patient  is  not  readily 
watched  by  the  observer.  Now,  if  this  were 
absolutely  true,  it  would  be  an  objection  of 
some  weight  as  regards  the  examination  of 
uneducated  and  stupid  persons  ;  and  with 
such  a  class,  almost  any  accurate  form  of  peri- 
metrical  examination  is  a  matter  of  difficulty, 
but  in  reality,  in  my  method  of  examination, 
a  good  profile,  even  of  the  eye,  is  always  ob- 
tainable, and  with  a  little  experience  and  prac- 
tice, we  soon  learn  to  ascertain  whether  it  is 
properly  fixed.  Again,  the  rapidity  with 
which  the  travelling  disc  of  light  can  be 
directed  to  any  point  will  always  enable  us  to 
ascertain,  by  reference  to  the  blind  spot, 
whether  the  fixation  is  correct  or  not. 

From  what  I  have  previously  said  in 
describing  the  photo-perimeter,  it  will  have 
been  gathered  that,  in  a  complete  examination 
of  the  field  of  vision,  there  are  three  things 
which  must  be  ascertained.  1st.  The  field  of 
qualitative  vision^  or  the  surface  of  the  retina 
in  which  hght  is  recognised.  2nd.  The  field 
of  quantitative  vision,  or  the  surface  of  the 
retina  in  which,  though  vision  is  imperfect,  the 
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form  of  objects  is  still  recognised.  And  3rd. 
The  area  of  the  blind  spot,  or  optic  nerve 
entrance. 

Time  and  space  forbid  my  entering  into  a 
full  enquiry  upon  the  variations  of  size  and 
shape  these  different  areas  may  assume  under 
certain  physiological  and  pathological  condi- 
tions. My  object  will  be  to  point  out  the 
results  I  have  obtained  by  the  use  of  the  in- 
strumcDt  in  the  comparatively  short  period 
during  which  I  have  employed  it. 

The  measurements  hitherto  given  of  the 
normal  field  of  vision  have  been  very  con- 
flicting. Thus,  between  the  figures  of  two 
such  able  observers  as  Forster  and  Helmholtz, 
we  find  startling  differences.  In  the  horizon- 
tal meridian,  the  average  diameter  as  given  by 
the  former  observer,  measures  only  1 50°.  By 
the  latter,  160°.  In  the  vertical  diameter, 
120°  is  the  figure  given  by  both  observers. 

The  measurements  I  have  found  to  coincide 
with  health  are  given  in  the  annexed  diagram 
of  the  field  of  vision.  It  has  been  drawn  from 
the  measurement  of  a  considerable  number  of 
young  healthy  persons  with  pupils  which  act 
readily,  and  are  of  medium  size — for,  I  need 
scarcely  say,  that  the  size  of  the  pupil  must 
have  some  effect  upon  the  area  of  the  visual 
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field,  as  will  also  peculiarities  in  the  form  of 
the  orbit,  prominence  of  the  nose,  etc. 

The  form  of  the  field  of  vision  is  very  pecu- 
liar ;  it  is  that  of  an  ellipse,  one  extremity  of 
which  is  larger  than  the  other.  The  axis  of 
the  ellipse  occupies  an  oblique  direction  across 
the  vertical  axis  of  the  eye.  It  is  this  oblique 
diameter  which  I  find  to  be  the  largest  in  the 
whole  area  of  the  field  of  vision,  and  in  my 
schematic  field  it  measures  160°,  whilst  the 
horizontal  and  vertical  measurements  gene- 
rally correspond,  each  measuring  on  an  average 
150°. 

In    the    diagram    opposite,  we  have  a 
figured  chart  of  the  right  and  left  fields  of 
vision,  one  outlined  in  black,  the  other  in 
violet.    These  figures  are  superimposed,  so 
that  the  two  yellow   spots   correspond  as 
happens  when  our  two  eyes  are  directed 
upon  an  object,  and,  combined,  form  a  chart  of 
the  bin  ocular  field  of  vision.    From  this  we  get 
a  fair  idea  of  the  relative  proportions  of  the 
eye  in  which  objects  overlap  each  other,  and 
we  see  singly.    The  central  portion  represent- 
ing the  area  of  binocular  vision,  the  external 
portions  the  area  of  monocular  vision.  We 
shall  find  that  the  greatest  diameter  of  bi- 
nocular vision  lies  in  the  vertical  direction,  and 
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measures  about  150°,  the  horizontal  diameter 
being  about  120°. 

When  I  contrast  my  binocular  chart  with 
that  of  Professor  Forster  as  given  in  Wecker's 
Treatise  on  Diseases  of  the  Eye,  vol.  II.,  p. 
428,  I  am  struck  with  the  great  difference  in 
the  relative  proportions  of  the  binocular  and 
monocular  fields.  The  larger  area  of  binocular 
vision,  as  compared  to  the  monocular  in  my 
chart,  depends  upon  the  increase  in  my  hori- 
zontal diameter,  when  measured  from  the 
fixation  point  towards  the  nasal  limit.  Thus 
my  measurements  in  this  direction  give  an 
average  of  60°,  whilst  Forster's  only  amount 
to  50°.  This  necessarily  decreases  the  relative 
proportion  of  his  binocular  area,  whilst  it  in- 
creases that  of  his  monocular  one.  Promin- 
ence of  the  nose,  however,  is  very  apt  to  limit 
the  area  of  vision  on  the  nasal  side. 

The  measurement  of  the  qualitative  field  of 
vision  has  always  been  a  stumbling  block  in  the 
investigation  of  ocular  disease,  because  there 
have  been  no  regular  and  fixed  data  estab- 
lished by  which  comnarisons  can  be  instituted, 
and  in  comparatively  recent  works  on  opthal- 
mic  surgery,  students  are  directed  to  map  out 
this  portion  of  the  field  by  ascertaining  the 
limits  where  two  fingers  are  recognised.  The 
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facility  with  which  the  bright  images  of 
letters  can,  by  means  of  the  photo-perimeter, 
be  directed  into  various  portions  of  the  field, 
have  led  me  to  employ  them  for  the  mensura- 
tion of  the  qualitative  field  ;  and  I  think  that, 
for  various  reasons,  their  employment  is  the 
best  test  we  can  use,  as  it  enables  us  to  bring 
peripheral  vision  within  the  range  of  the  same 
expressions  as  we  use  for  direct  vision. 

I  shall  content  myself  with  pointing  out 
roughly  certa.in  general  features  connected 
with  this  method  of  testing  vision,  and  shew- 
ing how  it  may  be  amphfied  and  worked  with 
an  instrument  more  perfectly  constructed  than 
the  one  I  at  present  use. 

According  to  the  investigations  I  have  been 
enabled  to  make,  I  find  that  in  normal  eyes 
the  acuteness  ot  vision  decreases  in  a  regular 
ratio  from  the  fixation  point  towards  the  peri- 
phery. At  5°  V  =  To,  at  ]  0°  =  TO,  at  1 5°  -m,  at 
20°  TO ;  and  thus  I  express  numerically  the 
acuteness  of  peripheral  vision  in  the  qualita- 
tive field.  I  do  not  mean  to  say  that  the 
figures  I  have  just  given  would  be  an  accurate 
test  in  every  case,  for  I  have  been  much  as- 
tonished at  the  difference  of  acuteness  in  the 
peripheral  fields  of  many  persons  of  normal 
refraction  and  sight,  and  it  would  require  a 
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large  number  of  examinations  to  form  a  reli- 
able standard.  In  tbe  meantime,  I  think  the 
figures  here  given  are  not  far  from  the  normal ; 
the  aperture  in  my  perimeter  will  not,  how- 
ever, admit  of  sufficiently  large  letters  for 
testing  the  more  distant  portions  of  the  retina 
in  this  way. 


B 
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The  value  of  the  ophthalmoscope  as  an  opto- 
meter, or  measurer  of  the  refraction  of  the 
eye,  though  fully  known  to  Helmholtz,  was 
not  brought  prommently  before  the  profession 
till  more  recent  years,  when  it  has  assumed 
at  the  hands  of  ophthalmologists  the  attention 
to  which  it  is  deservedly  entitled.  To  make 
use  of  the  instrument  as  a  means  for  viewing 
the  fundus  of  the  eye  is  a  comparatively 
easy  matter  ;  but  to  use  it  to  ascertain  the 
refraction  of  the  eye  is  a  matter  of  some 
difficulty,  requiring  much  care  and  experience, 
a  keen  appreciation  of  the  definition  of  objects, 
and  a  knowledge  of  the  refraction  of  one's 
own  eye. 

The  whole  question  to  be  determined  in 
calculating  the  refraction  of  a  given  eye,  is 
the  direction  of  the  rays  leaving  the  fundus 
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of  that  eye.    This  can  easily  be  obtained,  if 
we  know  the  refraction  of  the  examiner's  eye, 
and  the  distance  between  the  two  if  the  rays, 
the  accommodation  being  suspended,  (and  to 
make  a  careful  examination  this  should  always 
be  done)  emanate  from  the  principal  focus  of 
the  dioptric  system,  that  is  to  say,  the  retina  is 
situated  at  this  point,  they  will  leave  the  eye 
parallel,  and  the  eye  wiU  be  emmetropic  ;  for, 
in  reversing  the  order  of  things,  parallel  rays 
would  fall  upon  the  retina  at  the  principal 
focus  of  the  dioptric  system.    If  the  rays 
from  the  fundus  emanate  in  a  divergent  direc- 
tion, we  know   that  the  fundus  must  be 
situated  in  front  of  the  principal  focus  (hyper- 
metropia.)     If  the  rays  emerge  in  a  con- 
vergent direction,  we  know  that  the  fundus 
must  be  situated  behind  the  principal  focus 
(myopia).     The  extent  to  which  these  rays 
diverge  or  converge,  will  be  an  index  of  the 
degree  of  hypermetropia  or  myopia,  and  it  is 
with  the  opthalmoscope  that  this  measure  is 
made.    Now,  for  a  person  who  is  emmetropic 
and  can  suspend  his  accommodation,  this  cal- 
culation is  very  simple,  for  his  eye  will  then 
be  in  a  condition  to  unite  parallel  rays  upon 
his  retina  as  the  principal  focus  of  his  diop- 
tric system,  and  if  such  an  eye  is  placed  in  a 
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position  as  to  receive  light  emanating  from  an 
eye  similarly  circumstanced,  a  clear  view  of 
the  fundus  will  be  immediately  obtained,  and 
the  examining  person  will  know  that  the 
examined  person  is  emmetropic.  Should  the 
person  under  examination  be  myopic,  that  is, 
giving  off  convergent  rays,  the  examiner,  who 
is  only  adapted  for  parallel  rays,  will  not  be 
able  to  see  his  fundus  until  a  concave  lens 
shall  have  so  overcome  their  convergence  as  to 
make  them  parallel.  Should  the  person 
be  hypermetropic,  these  rays  will  emanate 
divergent,  and  the  examiner  will  not  be 
able  to  see  the  fundus  until  these  rays 
have  been  rendered,  by  a  convergent  lens, 
parallel. 

Now,  could  the  examined  and  examining 
eye  be  brought  so  close  together  as  to  touch,  it 
is  evident  that  in  the  case  of  myopia  and  hy- 
permetropia,  the  respective  lenses  which 
would  paralyze  the  rays,  and  enable  the 
emmetropic  examining  eye  to  see  the  fundus 
of  the  emmetropic  eye  it  would  be  in  each  case 
a  measure  of  the  degree  of  emmetropia,  hyper- 
metropia,  or  myopia  ;  but  in  practice  this  can- 
not be  done,  consequently  the  distance 
between  the  two  eyes  will  alter  slightly  the 
calculation.     Let  us  imagine,  for  instance, 
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that  the  rays  from  the  fundus  of  an  hyperme- 
tropic eye  issue  from  the  cornea  of  that  eye 
with  such  an  amount  of  divergence  as  would 
necessitate,  theoretically,  the  point  from 
which  these  rays  diverge,  being  situate  at 
6"  behind  the  nodal  point  of  that  eye,  a 
convex  lens  of  6"  focus,  or,  as  it  is  usually 
expressed,  f,  being  placed  immediately  in 
front  of  the  cornea  such  an  eye  would 
render  these  rays  parallel;  but  to  the  examin- 
ing eye,  situated  at  two  inches  beyond  the 
cornea  of  the  examined  eye,  these  rays 
will  seem  to  diverge  from  a  point  8  inches 
from  it.  Consequently,  th^  examiner,  who  is 
emmetropic,  would  require  a  +  -1-  to  see  the 
fundus  of  a  person  who  has  hypermetropia  of 
I,  and  from  this  we  may  deduce  the  rule 
that  the  degree  of  hypermetropia  is  always 
greater  than  the  glass,  which,  in  the  erect 
image,  neutralizes  it.  In  myopia,  we  shall 
find  that  this  rule  is  just  the  opposite.  Sup- 
posing a  myopia  of  ^  exists,  the  rays  leaving 
the  cornea  of  such  an  eye  will  converge  to- 
wards a  point  6"  in  front  of  that  cornea,  and 
a  i  placed  immediately  in  front  of  that  cornea 
would  render  such  rays  parallel.  But  to  an 
examining  eye,  situated  at  2"  from  the  my- 
opic eye,  the  rays  will  appear  to  be  converging 
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to  a  point  4"  behind  such  an  eye,  and  conse- 
quently ^  will  be  required  to  parallellize  the 
rays,  and  render  the  fundus  under  examina- 
tion visible.  Hence,  the  concave  glass,  which, 
in  the  erect  image  is  required  to  enable  an 
emmetropic  eye  to  see  distinctly  the  fundus  of 
a  myopic  one,  is  always  stronger  than  the 
glass  which,  as  spectacles,  would  neutralize 
the  myopia. 

We  have  been  supposing  in  these  cases 
that  the  examiner  is  emmetropic,  and  has  the 
power  of  suspending  his  accommodation.  But 
these  two  conditions  unfortunately  are  rarely 
found  combined.    Hence,  when  an  examina- 
tion of  the  refraction  of  an  eye  is  being  made, 
many  factors  are  brought  into  the  calculation. 
It  is  with  a  view  of  reducing  some  of  these  that 
I  had  the  present  ophthalmoscope  constructed. 
It  consists  of  an  ordinary  concave  mirror  of 
30"  focus,  behind  which  are  placed  two  discs 
which  revolve  upon  each  other ;  each  disc  con- 
tains 6  lenses  and  a  small  blank  aperture,  and 
they  are  so  adjusted,  that  the  lenses  can  be 
brought  successively  behind  the  aperture  of  the 
mirror,  each  lens  separately,  or  two  lenses  com- 
bined.   The  lenses  in  the  inner  disc  consist  of 
-i  i  ^  I  Ts  ^    ;  those  in  the  outer 
disc  consist  of  +  i  t  i  i  xV   ts.  Now, 
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it  is  evident  that  when  any  of  these  two 
lenses  are  used  in  combination,  the  resulting 
lens  will  be  the  balance  of  the  stronger  over 
weaker.     Thus,  for  instance  —  i  combined 
with  +  r  -Tu.      By  thus  combining  lenses 
of  different  characters,  we  can  obtain  from 
a  small  number  of  lenses  a  large  number 
of  varying  powers.    The  principal  powers, 
and  the  combinations  necessary  to  produce 
them,  are  engraved  upon  the  handle  of  the 
ophthalmoscope  which  is  constructed  of  ivory, 
and  is  made  broad  on  purpose  to  receive  them, 
on  the  front  the  -  combinations,  on  the  back 
the  +  combinations.     Now,  for  a  person 
who  is  emmetropic,  and  can  suspend  his 
accommodation,  in  using  this  ophthalmoscope, 
the  only  calculation  necessary  to  be  made, 
is   that  which   the   distance   between  the 
examined  and  the  examining  eye  necessi- 
tates.     Thus,  in  myopia,  if  a  represents 
the   glass   which    enables   such   a  person 
to   see  the  fundus,  and  S  represents  the 
distance  between  the  two  eyes,  M  will  equal 
In  hypermetropia,  H  will  equal  -7^. 
If  the  examiner  were  ametropic,  or  could  not 
suspend  his  accommodation,  the  value  of  this 
combination  would  be  proportionally  altered 
to  him,     Hence,  I  have  added  a  small  clip 
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which  holds  what  I  term  the  rectifying  lens,  or 
lens  which  renders  the  observer  emmetropic, 
its  power  will  necessarily  vary  for  different 
observers,  and  all  those  who  wish  to  practise 
this  branch  of  ophthalmoscopy  should  have  it 
carefully  and  repeatedly  verified  by  a  com- 
petent person.    My  own  vision  is  emmetropic, 
but  in  examining  in  the  erect  image,  I  have 
not  the  power  of  suspending  all  my  accommo- 
dation.   The  amount  which  I  cannot  suspend 
requires  a  -  2V  to  overcome  ;  hence  my  recti- 
fying lens  is  -  2V,  and  when  examining  the 
fundus  with  this  rectifying  lens,  in  front  of  the 
combined  lenses,  their  values  will  be  exactly 
that  which  is  inscribed  on  the  handle.  The 
rectifying  lens  for  a  myopic  person  must 
be  the  sum  of  his  myopia  and  the  accom- 
modating power  he  cannot  suspend.  For 
a  hypermetropic  person,  the  rectifying  lens 
must   represent  the   value   of  the  hyper- 
metropia,  which   remains  after  the  accom- 
modating   power    has    been    taken  into 
account. 

It  will  be  found  that  the  various  combina- 
tions of  these  two  discs  will  put  us  in  posses- 
sion of  altogether  40  different  powers,  and  in 
order  that  these  may  be  seen  at  a  glance, 
toeether  with  the  combinations  which  produce 
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them,  I  have  constructed  the  following 
table  : — 


A 

  4: 

cr 

  0 

  0 

—  y 

—  15 

—  ZD 

+  4 

neut 

+  20 

+  12 

+  7i 

+ 

+  4|| 

+  5 

—  20 

neut 

+  30 

+  lli 

+  71 

+  6i 

+  6 

—  12 

—  30 

neut 

+  18 

+  10 

+  7^'^ 

+  9 

-  n 

-Hi 

—  18 

neul 

+  221 

+  15 

-  7i 

—  10 

-221 

neut 

+  371 

+  25 

  4.1  6 

^2  1 

-6i 

'  1 9 

-371 

neut 

The  column  at  the  top  is  that  of  the  minus 
disc,  the  column  at  the  left  is  that  of  the  + 
disc.  The  power  which  will  result  from  a 
combination  of  any  two  glasses  will  be  found 
at  the  angle  of  position  of  a  line  drawn  from 
each. 

It  will  be  seen  that  many  of  the  com- 
binations do  not  produce  whole  numbers. 
This  is  not  a  matter  of  great  importance, 
as,  practically,  we  can  only  make  an 
approximate  estimate  of  the  refraction  in  this 
way. 

The  numbers,  both  positive  and  negative, 
we  are  able  to  produce  by  the  various  com- 

c 
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binations  of  the  two  discs,  are  as  follow  :  

4,         5,  5i*.  6,  6i,  7^,  7I  8,*  9,  10,  iii 
12,  14*,   15,  18,  20,  22^,  30,  374.  These 
numbers  form  a  useful  sequence,  leaving  no 
large  gap  between  them,  and  are  quite  suffi- 
cent  for  all  practical  purposes. 

One  of  the  mechanical  advantages  of  this 
ophthalmoscope  is  that  the  mirror  is  removable, 
and  that  the  lenses,  when  employed  by  them- 
selves are  sufficiently  large  as  to  be  readily 
used  as  trial  glasses.  We  can  thus,  on  the 
spot,  and  with  the  same  instrument,  verify 
our  ophthalmoscopic  diagnosis.  This  will  be 
found  occasionally  very  useful,  as  a  set  of  trial 
lenses  is  very  inconvenient  to  carry  about. 


*#*  The  numbers  marked  by  an  asterisk  are  not  per- 
fectly correct,  but  are  sufficiently  so  for  practical  purposes. 
The  number  4f  is  really  4f  +  ^.  The  8  is  8  —  ^, 
the  5|  is  5^  —  ^,  and  the  14  is  14  +  tV 
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